Intestinal absorption of low molecular weight heparin in animals and human subjects.
We had previously shown that the use of bile salts, which act as surfactants, facilitates the intestinal absorption of large molecules such as those of heparin and insulin. However, the bioavailability of unfractionated heparin (UFH) administered through the large intestine was low. The aim of the present study was to evaluate the absorption of low molecular weight heparin (LMWH) combined with bile salts through the gut mucosa in animals and human subjects. LMWH (Fragmin, Kabi-Pharmacia, Stockholm) or UFH with or without sodium cholate (Sch) was administrated rectally in rats and healthy volunteers via a microenema. Absorption was estimated by the activated partial thromboplastin time (aPTT), the plasma anti-factor Xa activity and the plasma lipoprotein lipase (LPL) activation. In groups of 6 rats, LMWH at doses of 100--1,000 U with sodium cholate (10--20 mg/ml) was readily absorbed through the gut mucosa, as indicated by both, anti-factor Xa levels of up to 1 U/ml and a dose-dependent activation of LPL. The absorption was significantly superior to that of UFH with Sch or LMWH given without Sch (p < 0.001). The plasma anti-factor Xa levels in the 6 healthy volunteers who received a microenema containing 25,000 U of LMWH with 20 mg/ml of Sch were 0.38 U/ml at 15 min and 0.1 U/ml at 240 min. LPL activation and aPTT prolongation were also observed in these subjects. The plasma LMWH levels after rectal application were in the same range as those obtained after subcutaneous administration, however the elimination time (t 1/2) was shorter. There were no adverse reactions. Intestinal absorption of LMWH facilitated by Sch is both feasible and safe. A slow release formulation will be needed to prolong the plasma half-life.